The present study focused on the isolation of culturable bacteria from mussels and sea water to identify Vibrionaceae potentially pathogenic for humans. Three sites located on the French Atlantic coast were monitored monthly (twice each month during summer) for 1 year. Environmental parameters were surveyed (water temperature, salinity, turbidity, chlorophyll a) and bacteria were detected by culture and identified by API 20E ® systems (BioMérieux) and PCR. A total of seven species were detected (Grimontia hollisae, Photobacterium damselae, Vibrio alginolyticus, V. cholerae, V. fluvialis, V. vulnificus and V. parahaemolyticus) and species diversity was higher at the end of summer. Surprisingly, V. cholerae non-O1/non-O139 was detected in spring. No site effect was detected. Using Sørensen similarity indices and statistical analyses, we showed that chlorophyll a had a significant influence on the bacterial community detected in mussels and assemblages were more similar to one another when chlorophyll a values were above 20 µg l −1
INTRODUCTION 1
Many micro-organisms (microalgae, bacteria and heterotrophic protists) are naturally present 2 in sea water. They are used as food resources (Langdon and Newell, 1990 ) by filter-feeding 3 animals and may be accumulated in their tissues. Some of these bacteria, especially the 4 Vibrionaceae, may be pathogenic and cause human diseases (gastro-enteritis, wound tissue 5 infections or septicaemia) after seafood consumption or contact between a wound and water. 6
Vibrio cholerae, V. parahaemolyticus and V. vulnificus are distributed worldwide and 7 responsible for most food-borne infections caused by bacteria. Toxigenic strains of V. 8 cholerae are the aetiological agents of cholera, causing more than 230 000 human cases, 9
including over 6000 deaths, in 52 countries in 2006 (WHO, 2008 . V. parahaemolyticus is 10 recognized as the leading cause of human gastroenteritis associated with seafood consumption 11 in the United States of America (USA) and Japan, but the incidence is low in Europe (Su and 12 Liu, 2007) . Primary septicaemia due to V. vulnificus is the most deadly food-borne disease in 13 the USA accounting for 95 % of all seafood-related deaths, with a mortality rate of 14 approximately 50 % (Oliver, 2006) . Other vibrios responsible for occasional severe infections 15 are also found in the marine environment: V. alginolyticus (Rubin and Tilton, 1975) , 16
Grimontia hollisae (formerly V. hollisae) (Hinestrosa et al., 2007) , and Photobacterium 17 damselae damselae (formerly Listonella or V. damselae) (Osorio et al., 2005) . Pathogenesis 18 by these bacteria is often due to their ability to secrete extracellular virulence factors, whose 19 nature may be more or less well known (Nishibuchi and Kaper, 1995; Oliver and Kaper, 20 2007) . 21
Vibrionaceae bacteria are particularly important for the seafood economy because pre-market 22 depuration processes (before mollusc sale) generally fail to eliminate these microorganisms 23 from shellfish, although they do eliminate conventional bacterial indicators (Escherichia coli) 24 which are less strongly bound to mollusc tissues (Su and Liu, 2007) . Consequently, the 25 species and the presence of total V. parahaemolyticus (results from Deter et al. accepted) on 1 the structure of this entire community. 2
RESULTS AND DISCUSSION 3
Description of the data 4
All environmental parameters showed spatio-temporal variation during the study period 5 (April 08-March 09): mean water temperature varied from 6.7 to 22.0 °C; salinity from 26.0 6 to 35.6 (no unit), with maximal values during summer; turbidity from 1.4 to 40.3 FNU 7 (formazin nephtelometric units), with maxima in April and November-December; chlorophyll 8 a from 0.6 to 22.0 µg / L, with maxima in June; and the number of culturable bacteria from 27 9 to 6400 bacteria / g mussel tissue (maxima in January) and from 0 to 24 bacteria / ml sea 10 water (maxima during summer). Total culturable Vibrionaceae presented higher densities in 11 mussels than in the surrounding water throughout the year (maximal MPN [most probable 12 number of bacteria]) in mussels 6400 / g > 24 / ml sea water, Fig. 2 ). All of these parameters 13 were adequately (log or square root) transformed to fit a normal distribution. Both MPN 14 variables were highly correlated (r=0.400, P=0.005). A highly significant linear relationship 15 was found between MPN of bacteria estimated in sea water and MPN of bacteria in mussels 16 (Figure 2, linear regression, R 2 =0.14, F=8.75, P=0.005) . This meant that the concentration in 17 the seawater could explain that in mussels and thus confirmed the ability of mussels to 18 accumulate bacteria from surrounding environment, as already shown by Cavallo et al. 19 (2009) . 20
Structure of the Vibrionaceae community and influence of the environment 21
Bacterial isolates obtained from this study yielded very good to excellent identification using 22 the API 20E® system, and Vibrio species were confirmed with conventional or Real-Time 23 PCR (RT-PCR). Seven species were detected ( Table 1 ). The presence of G. holissae is 24 noteworthy as infection has never been reported on the European Atlantic coast except for one 25 6 human case 13 years ago in France (GrasRouzet et al., 1996) . All of the other species detected 1 in this study had already been reported by Hervio-Heath et al. (2002) at Filière W after three 2 sampling campaigns in summer 1999. As reported in other studies on samples from Europe 3 and America, the most frequently isolated bacteria were V. alginolyticus (39 positive mussel 4 samples out of 48 and 35/48 in water) and V. parahaemolyticus (17/48 in mussels and 16/48 5 in water) (Croci et al., 2001; Hervio-Heath et al., 2002; Blackwell and Oliver, 2008; 6 Martinez-Urtaza et al., 2008) . The present one-year survey highlighted a higher diversity of 7 bacterial species at the end of the summer (August-September, 4.5 species detected in mean) 8
after maximal values of water temperature and salinity, two factors frequently reported as 9
having an influence on these species (see Introduction). Surprisingly, V. cholerae non-10 O1/non-O139 was not detected during the summer but in spring (May in mussels at Filière W 11
and February in sea water at L'Eperon). The detection of V. cholerae only in spring could be 12 related to a lower competition of bacterial species on culture plates at this time of the year. 13
The toxigenic form of this bacterium was reported in 36 imported cases of cholera in 14
European Union in 2005 (ECDC, 2008 . Contrary to toxigenic strains, which are rarely 15 isolated, non toxigenic strains are normal inhabitants of aquatic ecosystems (Oliver and 16 Kaper, 2007) . The species had already been detected at the Filière W site ten years ago by 17 Hervio-Heath et al. (2002) . Knowing that V. cholerae non-O1/non-O139 may be associated 18 with cases of gastro-enteritis and a small number of oyster-vectored deaths, notably in USA 19 (Rippey, 1994) , a more regular monitoring of this site should be considered. 20
Influence of total V. parahaemolyticus and of the environmental parameters on the 21
Vibrionaceae community 22
The matrix of Vibrionaceae species detection (presence/absence per date at each site for 23 mussels or sea water) was used to perform a Principal Component Analysis (PCA). All of the 24 species were more or less correlated in their presence/absence (no antagonism between 25 species, see Fig.3 for water; similar results were obtained for mussels, data not shown). This 1 suggested that similar parameters might influence each species and structure the entire 2 community. 3
Analysis of similarities (ANOSIM), an approximate analogue of analysis of variance, was 4 conducted to test the null hypothesis that there were no assemblage differences between 5 groups of samples specified by a single qualitative factor (here sampling site or the 6 presence/absence of total V. parahaemolyticus, as described in Deter et al. (accepted) , with a 7
RT-PCR detection after enrichment). The analyses were performed with Primer 6.1.11 8 software (Primer-E Ltd), according to Clarke and Gorley (2006) , Clarke and Warwick (2001) 9 and Clarke et al. (2008) . 10 ANOSIM performed on the water similarity matrix did not show any significant effect of site 11 (P=0.93) or of the presence of total V. parahaemolyticus (P=0.20). The BEST BIO-ENV 12 procedure was then used to find the "best" match between the multivariate among-sample 13 patterns of the assemblages (in water or mussels) and that from quantitative variables (water 14 temperature, salinity, turbidity, chlorophyll a, MPN in water or in mussel) associated with 15 those samples. This procedure was used to search (using all combinations of variables) for 16 high rank correlations (called ρ) between the similarity matrix (species assemblage) and 17 resemblance matrix (Euclidian distance), generated with environmental data. P-values were 18 obtained with permutation tests (10000 permutations). In water samples, no parameters had a 19 significant influence on the structure of the community (P>0.17). Consequently, other 20 parameters that were not taken into account in the study (such as zooplankton or other 21 bacteria, for example) should be considered as potentially more important. 22
In mussels, there was no significant difference between the groups of communities when sites 23 were considered (ANOSIM, P=0.42), most probably because of the small spatial scale 24 considered in this study (distance between sites ranged from 5 to 10 km). Presence of total V. 25 parahaemolyticus in mussels (Deter et al., accepted) had a significant influence on the 1 similarities calculated between the assemblages observed in mussels (ANOSIM, P=0.03). ρ 2 was optimised (0.325) with a model containing chlorophyll a and turbidity but the best one-3 variable solution produced a result that was almost as good with chlorophyll a alone 4 (ρ=0.322; P=0.007) and which, on grounds of parsimony, might be preferable. Dissimilar 5 samples were observed when chlorophyll a values were inferior to 18 µg/L. Samples 6 presenting more similar assemblages were found when chlorophyll a presented values above 7 20 µg/L (Fig. 4) . As an explanation, we suggest the influence of a link between chlorophyll a 8 -phytoplankton -zooplankton but unfortunately, were not able to monitor zooplankton 9 during this study. V. parahaemolyticus populations are known to be influenced by a factor 10 related to plankton (planktonic species, plankton detritus, or other particulate matter trapped 11 during plankton hauls) because of the attachment and/or a chitinoclastic activity (Kaneko et 12
al., 1973). In Deter et al. (accepted), the authors already linked the presence of total V. 13
parahaemolyticus to chlorophyll a. This would not be due to the bloom of any of the 14 phytoplanktonic species reported in Deter et al (accepted) but more to an overall effect or to 15 the influence of zooplankton in relation with phytoplankton linked in turn to chlorophyll a. In 16 the present study, chlorophyll a was also the parameter that most influenced the Vibrionaceae 17 community found in mussels, indicating that attachment to plankton and chitinoclastic activity Table 1 . Vibrionaceae species detected during the one-year study with the number of 2 occurrences (total number = 16 dates for each species) per site and origin of sample. 3
For sea water, three filtrations of 10 ml, 50 ml and 100 ml (5, 10 and 25 ml in summer) were 4 realized for each site. per plate (three plates / culture medium / site). Concerning the mussels, the 1:2 dilutions of 9 mussel tissue (see Fig. 2 ) were made and spread onto the three media (1:2, 1:20 and 1/200 10 dilutions). All plates were incubated 24 h at 37 °C (temperature and media selecting for 11
Vibrionaceae bacteria). Presumptive Vibrionaceae were isolated (one colony of each 12 morphotype per source/culture medium/site/date) and identified as described hereafter. 13
Biochemical analyses were performed from cultures of isolated colonies grown onto Bacto Vibrionaceae species in water samples. The purpose was to ordinate the samples and project 25
